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INTRODUCTION

High side loads reduce the life of the Space Shuttle Main

Engine (S_E) High Pressure Oxygen Turbopump (HPOTP) bearings.

High stiffness dmmper seals have been recommended to reduce the

loads on __he pump and turbine end bearings in the HP(FFP (Tecza,

et al., 1989). _ seals designed for use on the pump end are

expected to adequately reduce the bearing loads; the predicted

perforce of the planned turbine end seal is marginal. An

alternative to the suggested turbine end seal design is a "damper

bearing" with radial holes from the pressurized center of the

turbopump rotor, feedin_ a smooth land region between two roLke/%-

stator/smooth-rotor annular seals. An analysis has been prepared

to predict the leal_a_e and rotordynamic coefficients (stiffness,

damping, and added n_ss) of the damper bearlng. The fo I1owing

paragraphs describe:

i) governing equations of the seal analysis which has been

modified to model the damper bearing,

2) ,it_mr_r_z b_tw_mn tlum upstream conditions o_ the damper

bearing and a typlcal annular seal,

S) predictions of the damper bearing analysis, and

4) asslmlptions o5 the analysis which require _ther investi-

gatiorh

GOVERNING EQUATIONS

_he governing equations for the bulK-flow model of an annular

seal with incompressible flow have been published by other

authors (e.g., Childs, 198z_, and Nelson and Nguye_ i987): the

continulty equation, and axial and circl/m_erential momentum equa-

tions. _he equations de(ine the relationship between the clear-

ance, pressure, axial velocity, and circumferential velocity (H,

p, Uz, and Ue) as functions of the spatial variables 8 and z,
and tlme t. AsslNning s_all motion of the seal rotor about a

centered position within the stator, a perturbation analysis is

used to develop zeroth-and first-order perturbation equations.

_%e zeroth-order solutionprovides the zero-eccentricity flow

conditions (including the seal mass-leakage flow rate), with

rotor rotation but without precessio_ Pressure perturbation

values, part of the fiPst-or_ex" solutio_ are inteF_ated to

provide the reaction forces on the rotor due to the assumed
"small" circular orbit, q]ue seal stiffness, damping, and added

n_ss coefficients are related to the reaction forces on the rotor

by the following equations:

Fr : - K - c_ + Mw a ,

Fe:_-C_

In the above equations, Fr and Fe are the radial and

tangential (i.e., tangential to the rotor "orbit") forces on the

rotor, K and M are the direct and cross-coupled stiffness coeffi-

cients of the seal, C and c are the direct and cross-coupled

damping coefficients, M is the "added n_ss", and _ is the orbit

frequency in rad/sec. _he cross-coupled coefficlents account for
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the fact that motlon in one direction causes a force component

perpendicular to the motior_ If the tangential force is positive,

it acts to suppor_t for_ar_ whirl (whirl in the direction of

rotation), a destabilizing effect, qhe cross-coupled stiffness

increases with an increasing fluid circlrn_erential velocity

component.

UPSTREAM COKDITIONS

qhe upstream conditions of the proposed damper bearing differ

from those of the typical damper seal. For a damper seal, the

upstream pressure is assumed constant; i.e., the assumed whirl

motion does not cause a perturbation in the upstream pressure.

qhe upstream fluid "reservoir" is assumed to have a nonzero cir-

cumferentlal con_onent ("swirl") due to the rotation of the

rotor, but no axial velocity. For the damper bearing, there are

actually two seals, with the same inlet conditions. The exlt

pressures at the ends of the damper bearing are assumed equal.

The total pressur_ upstream of each seal zs the sum of the rotor

internal pressure and the pump head due to the rotating feed

holes, less the losses through the feed holes and the losses due

to turnlnE of the flow from the radial direction to the axial

dlrectlor_ The losses are functions of the flow velocity through

the feed holes, as is the pump head if the angle of the feed

holes from the radial direction is nonzero. If tb_ feed holes

ape drllled at an an_le opposite to the dlrectlon of rotor rota-

tlorh the swlrl upstream of the seals is lower than for zero

angle holes, which redllces the destabllizing cross-coupled stiff-

ness of the seal. For a wllirllng rotor, +-he flow tlqrough the

"tight" side of the seal is lower than the flow through the

"wide" side. If the feed holes are drilled to reduce upstream

swirl, the pel~turbation in the pun_ head and losses upstream of

the damper bearinE would result in a larger local pressure drop

through the tlght slde of the seal than on the wide side. _l%is

perturbation in the upstream pressure has been included in the

damper bearlng analysis, and is the n_in difference between the

damper seal and damper bearing analyses.

PREDICTIONS

qhe analysis has been programmed in FORTRAN, and runs in less

than a minute on a personal computer. Usin_ data from Tecza et

al., and an lnlet feed angle of S0 degrees from the radial diPec-

tlon for eight feed holes, the predicted st£ffness is mope than

twice that predicted for the turbine end damper seal proposed by

Tecza et al., (i, 500, 000 ib/in compared to about 700, 000 Ib/in),

an unprovement in load car_yin_ capacity. The predicted cross-

coupled stiffness (160, 000 Ib/in) is abou% 10Z of the direct

stiffness, as required by Tecza et al., and the direct damping is

hiqller than requlred (210 Ibs/in compared to a requirement of i25

Ibs/in).
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REO3_ATIONS

Based on the predictions of the present analysis, the danper

bearing is preferable to the damper seal proposed by Tecza, et al.

However, two aspects of the model which should be investigated

fcu---therare:

I) the inlet loss model, and

2) the wall shear" stress model.

P_evious experimental and analytical wor_ on annular seals in

compressible flow have shown that the choices of an inlet loss

model and wall shear stress model have siEnificant effects on

seal rotordynam£c predictions. For example, two models with dif-

ferent inlet loss and wall shear" stress (or frlction factor) mod-

els rnay pPedict seal leakage within a few percent of experimental

data, but stifTness coefficients that differ by an order of ma_-
nltude.
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